Introduction
Childhood obesity has become a major concern for individual and population health. With 12% of children in the United States already having obesity by the age of 5 years [1] , the implications of long-term obesity are indeed serious, given the associations between obesity and health problems such as diabetes and CVD [2e4] .
An important question about obesity in childhood is whether it is a fleeting or entrenched health problem. That is, children grow at different rates, and a brief period of obesity may not be a reason for major worry for parents and pediatricians. On the other hand, if obesity becomes entrenched, that is, firmly established and difficult to reverse, this is indeed a major concern, as it entails that the child is likely to continue having obesity into adulthood, with the major health consequences of long-term exposure to obesity [5e7] .
Several studies have suggested that people tend to maintain their weight trajectories as they age, and that, to the extent that weight changes, it increases [1,8e13] . While many individuals with normal weight in childhood first developed overweight or obesity in adulthood, few children who had overweight or obesity eventually achieve normal weight [12e15] . In urban Greenland, schoolchildren with obesity tended to retain obesity: of children with obesity at school entry, 10% achieved normal weight by age 15 years [10] . In a nationally representative British cohort followed from ages 3 to 11, an obese trajectory was already distinct by age 3 and an overweight trajectory diverged from normal-weight trajectories around age 5 [16] . In rural U.K., less than 2% of 7-year-olds with obesity had normal weight at age 11 years, while among normal-weight children, less than 1% developed obesity [12] . In one nationally representative U.S. study, children with obesity at age 5 years had a 47% probability of obesity at age 14 years [1] . Regional data from longitudinal studies of adults in the United States showed that individuals who had overweight or obesity in childhood or adolescence were more likely to have obesity in adulthood [7,17e20] .
Most of the evidence on weight tracking comes from studies from outside the United States or from subnational studies in the United States. This study presents nationally representative data on entrenched obesity based on a recent cohort of children in the United States, the Early Childhood Longitudinal Study (ECLS-K). Using multiple direct anthropometric measurements between the ages of 5 and 14 years, we assess the extent to which obesity in early childhood becomes entrenched, the ages of greatest risk, and which children are at highest risk, if ever they do developed obesity, to retain obesity into adolescence. While previous papers have focused on the incidence or prevalence of obesity, the contribution of this article is to describe what happens after an incident casedto understand whether childhood obesity is a temporary or absorbing state, and what characteristics are associated with staying in the obese state.
Material and methods

Data
We analyzed data from the Early Childhood Longitudinal Study, Kindergarten Class of 1998e1999 (ECLS-K), developed by the National Center for Education Statistics (NCES) of the U.S. Department of Education to study children's development and experiences from kindergarten through the eighth grade. The ECLS-K is a nationally representative cohort selected with multistage probability sampling. The primary sampling units (PSUs) were counties or groups of counties, the secondary stage of selection was schools within the sampled PSUs, and the third stage unit was students within schools [21] . The ECLS-K enrolled 21,260 children around the country in Fall 1998 (mean age 5.6 years), with 6600 (all numbers are rounded to the nearest 10, per NCES restricted use data agreement), followed with complete data through study waves in Spring 1999 (mean age 6.1 years), 2000 (mean age 7.1 years), 2002 (mean age 9.1 years), 2004 (mean age 11.1 years), and 2007 (mean age 14.1 years).
The primary source of attrition from the original kindergarten sample resulted from random selection for nonsampling due to survey costs. That is, the attrition bias was minimized because the ECLS-K followed a random subsample of half the movers in each wave before the fifth grade and all the movers between grades 5 and 8 [21] . Appropriate weights for adjusting for attrition and nonresponse were created by ECLS-K staff and we used these for all analyses. Children with missing follow-up data were more likely to be Black and of lower socioeconomic status relative to those with complete data, but no substantial differences have been found between respondents and nonrespondents, and nonresponse bias is addressed by the use of weights [22] .
Trained assessors measured height and weight for all participants twice per wave. Height was measured in inches to the nearest 0.25 inch using a Shorr Board and weight was measured in pounds using a digital scale [23] . Primary caregivers were asked about the child's health at birth, including birth weight, during the baseline interview, and invited to add details at subsequent waves. Primary caregivers were asked detailed questions about child characteristics and about household social and economic circumstances and family characteristics at each wave of data collection.
Analysis
The analytic cohort consists of children with complete data over 9 years of follow-up on height and weight, age, sex, and race/ ethnicity (n ¼ 6600). We used longitudinal weights and survey adjustments constructed by NCES to account for attrition and to make nationally representative inferences.
We use the 2000 CDC Growth Reference to calculate each child's BMI z-score, standardized to the reference population for the child's age and sex [24] . Children were categorized as having normal weight, overweight, or obesity at each data wave using CDC cut-points of the 85th percentile for overweight and the 95th percentile for obesity. For some analyses, to distinguish between levels of obesity, we followed the commonly used approach of measuring severe obesity as the lower of BMI>120% of the 95th percentile or a BMI>35.
Entrenched obesity was defined as having or developing obesity between kindergarten entry (average age 5.6 years) and third grade (age 9.1 years) and retaining obesity between the fifth grade (average age 11.1 years) and the eighth grade (average age 14.1 years). Thus, entrenchment considers not only the occurrence of obesity in early childhood, but the extent to which it then persists through middle childhood and early adolescence. The age span of 11 to 14 years encompasses a long period during early adolescence which is an important stage of development for body weight [25] . Obesity at these ages is a strong indicator of subsequent obesity and morbidity [26] . Also, as the incidence of new cases of obesity drops to low levels between the fifth and eighth grades [1] , it is reasonable to consider this period of childhood as a "steady state" period for identifying entrenched obesity.
We defined three other terms to help identify the nature of the early onset of entrenched obesity. We have two measures of "ever obesity" to indicate whether the child was ever measured at or above the 95th BMI percentile between kindergarten and third grade and between kindergarten and eighth grade. The third is "consistent obesity" indicating prevalent obesity at kindergarten entry or incident obesity any time until third grade and obesity at all waves following the first obese observation within that period.
We examined entrenched obesity from three perspectives. First, we measure the prevalence of and risk factors for entrenched obesity among the total population. Second, we estimate the risk of entrenched obesity among a set of kids who had even fleeting obesity between kindergarten and third grade. Third, we show the risks of entrenched obesity among children with consistent obesity within the first 4 years of elementary school.
We calculated unadjusted and adjusted risk ratios from multivariable logistic regression models. To understand variation in children's risks of entrenched obesity, models were adjusted for child's sex (male, female), family socioeconomic status quintile in kindergarten, race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, Other), birthweight (<2500, 2500e3999, 4000þ grams), weight at kindergarten entry (normal weight [zscore<85th percentile], overweight [85th !z-score<95th percentiles] obesity [95th !z-score<99th percentiles] and severely obesity [the lower of BMI>120% of the 95th percentile or a BMI>35]) and BMI change during kindergarten, modeled as a continuous variable and reported as specific contrasts (e.g., À0.5, À0.25, 0.25, 0.5 relative to 0). Effect estimates for children with changes in BMI of À0.5 and þ0.5 represent approximately the 25th and 75th percentile of change among all children. Z-scores are most appropriate for assessing children's weight at 1 point in time, while BMI change is a better measure for assessing change in an individual child because the variability of z-scores is lower for the heaviest children [27] ; results were consistent in alternative models using change in BMI z-score instead.
Analyses were conducted using SUDAAN 10.1 (Research Triangle Park, NC). The Institutional Review Board of Emory University reviewed this data analysis project before its commencement and determined it to be exempt.
Results
Timing and entrenchment of childhood obesity Table 1 shows the timing and persistence of obesity between ages 5 and 14 years. Nearly three-fourths (70.3%, 95% confidence interval [CI]: 68.4e72.2) of the children did not have obesity during the 9 years of follow-up. More than one in 10 (12.2%, 95% CI: 8.9e15.5) children entered kindergarten as obese and these children represent 55% of children who ever had obesity by age 14 years. Between kindergarten and eighth grade, less than 5% of the children developed obesity between each study period.
Among the 29.7% of children who ever experienced obesity between ages 5 and 9 years, 62.6% (95% CI: 57.8e67.1) experienced entrenched obesity, while only about a third returned to normal or overweight status. In particular, children who started school with obesity were most likely to experience entrenched obesity in adolescence (72%; 95% CI: 66.1e77.2), even compared with children who developed obesity subsequently during elementary school.
Prevalence of entrenched obesity was not only higher for kindergarteners with obesity, but increased steadily with kindergarten weight. Figure 1 shows the proportion of children experiencing entrenched obesity according to their weight at age 5 years. Only about 2.5% of normal-weight kindergarteners would experience entrenched obesity; the percentage experiencing entrenched obesity was 10 times higher among overweight compared with normal-weight kindergarteners. Among children with obesity at the 95th to 99th percentiles, over 65% experienced entrenched obesity and among those with severe obesity at age 5 years, 93% would experience entrenched obesity. non-Hispanic white children), and socioeconomic status (17.5% of children from the middle quintile of families vs. 6.5% of children from the wealthiest quintile). The prevalence of entrenched obesity was highest among children who had been born large (20.9%); it affected 2.4% of children who were normal weight at kindergarten entry, 22.3% of those who were overweight, 65.3% of those who were obese, and 93% of those who were already severely obese at kindergarten entry.
Factors associated with entrenched obesity
After adjusting for demographic, socioeconomic, and early life weight patterns (Table 2 , Panel 3), non-Hispanic Black children had 70% higher risks of entrenched obesity than non-Hispanic white children (95% CI: 1.00e2.89) and children from middle-income (third and forth quintiles) families had significantly higher risksd126% and 56%, respectivelydthan those from the wealthiest (top quintile) families. The elevated risks of children who were large at birth were explained by childhood growth patterns.
The strongest predictor of entrenched obesity was weight at kindergarten entrydafter all other observed characteristics were controlled for, overweight kindergarteners had more than 10 times (95% CI: 7.27e15.08) higher risk of entrenched obesity than their normal-weight classmates; children who came to kindergarten between the 95th and the 99th percentiles of weight were at over 30 times higher risk (95% CI: 24.13e40.85) and those at and above 120% of the 95th percentile had over 46 times (95% CI: 36.04e59.99) the risk of experiencing entrenched obesity.
Growth patterns during kindergarten were associated with entrenched obesity even after accounting for weight at kindergarten entry. Compared with children who stayed at the same BMI throughout their kindergarten year, those who lost even a modest amount of weight relative to height had lower risks of entrenched obesity, whereas those who gained weight for their height had increased risks of entrenched obesity. Specifically, children whose BMI decreased by 0.5 points between Fall and Spring of their kindergarten year had 18% lower risks (95% CI: 0.76e0.89) of entrenched obesity, while those whose BMI increased by 0.5 experienced 22% higher risks. Table 3 focuses on children who had obesity early in life and therefore may have higher risk of entrenched obesity. First, we show the prevalence of ever having experienced obesity in elementary or middle school, ages 5e14 years. Almost one third of children had obesity at one point between ages 5 and 14 years. A subset of them, 22.1% of the population, had obesity at one point between kindergarten and third grade, ages 5e9 years. About half of these children, 11.5% of the entire population, had consistent obesity at these ages, with incident obesity followed by persistent weight for height at or above the 95th percentile.
Among children who ever experienced obesity between kindergarten and third grade, 62.6% of them would experience entrenched obesity (95% CI: 57.8e67.1). Non-Hispanic Black children, children from middle-income families and boys who ever experienced obesity in early elementary school were more likely to experience entrenched obesity than non-Hispanic whites, children from higher income families and girls, respectively. Children who were overweight or obese at kindergarten entry were more likely to continue obesity into adolescence than normal-weight children: RR: 1.43 (95% CI: 1.06e1.93) for overweight, 1.58 for obesity (95% CI: 1.22e2.04) and 2.22 (95% CI: 1.74e2.84) higher for severe obesity. Among this high-risk group, weight losses or gains in elementary school were not associated with risks of entrenched obesity. Among children with "consistent obesity"dthose with incident obesity followed by persistence at each subsequent wavedrisk of entrenchment was 82%. Notably, among these children, there were no differences in risks of obesity among children according to their sex, race/ethnic, socioeconomic, or early growth.
Discussion
One third of children who entered kindergarten in 1998e1999 in the United States had obesity at some point during elementary or middle school. But is this an indicator of longer term obesity? To understand this, we examined prolonged exposure to obesity during several critical years of development, which we call entrenched obesity, in a nationally representative sample of children.
We first showed risks of entrenched obesity in the overall population, an approach that is useful as a description of the epidemiology of obesity. In the general population, 14% of children experience entrenched obesity, having had obesity at least at 1 point between kindergarten and third grades that persisted in both fifth and eighth grades (mean ages 11.1 and 14.1 years). After adjusting for several characteristics, boys, children who were nonHispanic black, were from middle-income families, had entered school overweight or obese, and had had increases in weight during the first year of school were more likely to experience entrenched obesity.
Then, we showed risks of entrenched obesity among children who ever had obesity; an approach that is clinically informative in that knowledge about body weight at any single point in time during early childhood could be translated into a measureable risk of longer term obesity. Among children who had obesity in kindergarten or who had even fleeting obesity during the subsequent 3 years, 72% and 63% of them, respectively, would have obesity through ages 11e14 years.
Risks of entrenched obesity were highest among children who had severe obesity in kindergarten, 93% of whom would * N for SES and birthweight to not sum to total sample because of missing information. y BMI change is modeled as a continuous variable; effect estimates for children with changes in BMI of À0.5 and þ 0.5 represent approximately the 25th and 75th percentiles of change among all children. z Having or developing obesity between kindergarten entry and third grade (age 5.6e9.1 years) and retaining obesity between fifth and eighth grades (age 11.1e14.1 years).
x Parameters are marginal conditional risk ratios and not odds ratios because the outcome is nonrare. k Prevalence of entrenchment among those with ever-obesity from kindergarten to third grade. { Prevalence of entrenchment among children with obesity in kindergarten. # Prevalence of entrenchment among children with consistent obesity from kindergarten to third grade.
experience entrenched obesity. In addition, and also with clinical relevance, among those who had consistent obesity in elementary school, meaning that obesity was observed at multiple times until third grade, 84% remained obese in both fifth and eighth grades. Risks were higher among those who developed obesity earlier rather than later in childhood. Together, these patterns indicate that childhood obesity is often not temporarydonce a child developed obesity, the risk of continuing obesity is high.
In the general population, the risk of entrenched obesity is associated with race, ethnicity, sex, and socioeconomic status. However, among children who had already experienced obesity, the risk of entrenched obesity did not differ across race, ethnicity, gender, and socioeconomic status.
Weight change early in childhood was correlated with longer term weight trajectories in the overall population: compared with children who stayed at the same BMI throughout kindergarten, those whose BMI decreased between entering kindergarten in the Fall and finishing kindergarten the following Spring had lower risks of entrenched obesity, while those who gained BMI points had higher risk. However, such increases and decreases in BMI were not associated with entrenched obesity among the children who had already experienced obesity early in their middle-school years. Further, it may not be clinically feasible or recommended for children with severe obesity to move down to normal-weight or overweight categories at these ages; thus, a child above the 95% percentile would be at a very high risk of continuing to have obesity for several years. A useful step for future research will be to characterize weight loss patterns in early childhood, distinguishing intentional weight loss from changes due to patterns of maturation and growth or illness. Identifying successful strategies used in intentional weight loss can also be useful to parents and pediatricians. It will be important for future studies to explore longer term implications of weight changes in large representative samples of children.
Our estimates are consistent with previous studies indicating that weight trajectories are established early in childhood [28, 29] , that obesity even in childhood is difficult to reverse [30, 31] , and that children with obesity seldom reach normal weight [32] . For example, parents of children with obesity either recalled their child always having obesity or developing obesity by age 5 years [29] . In Australia, 5-to 10-year-olds with overweight or obesity had 25 times and 240 times higher odds, respectively, of having overweight or obesity 3 years later than children with normal weight [28] . In Greenland, over half of children who had overweight or obesity at school entry stayed in that weight category into adolescence and only 10% of those who had obesity at school entry reached normal weight in adolescence [10] . In three US metropolitan areas, 65% of 5th graders with obesity retained obesity through 10th grade [33] . This study strengthened the literature by providing evidence from a large nationally representative prospective cohort of U.S. children with multiple anthropometric measures throughout middle childhood.
This study has certain limitations. We did not have information on weight between birth and kindergarten or after eighth grade, so we cannot map the entire trajectory of obesity, nor identify the age at which children who entered kindergarten with overweight or obesity had developed overweight or obesity. Lack of data before and after a period of observation is common in studies of disease incidence [34] . The cohort to which this study pertains is representative of children who were in kindergarten in 1998e1999 and may not reflect the experiences of earlier or later cohorts. Still, this cohort is of particular interest because they were growing up during the 1990s and 2000s, when obesity became a major health concern.
Other studies have documented relationships between children's environments, beverage and food intake, and physical activity and obesity [16,35e40] . After accounting for these, previous weight continues to be a major explanatory factory, so the focus of this research has been on understanding weight trajectories rather than on the environmental or behavioral exposure that may be linked to those trajectories.
This study was only able to follow children to the age of 14 and we cannot speak to what happens thereafter. Other studies have indicated that individuals who experience obesity in childhood are more likely to experience obesity in adulthood, but representative data on recent cohorts are very limited. In addition, the long-term trajectories of individuals who did not experience obesity in childhood may also involve obesity later. While children who are heavy early in life are at greatest risk of developing obesity, others do develop obesity for the first time in adolescence and adulthood, resulting in an increasing prevalence of obesity as a cohort ages. Nationally representative U.S. data from a study following youth from high school into adulthood found major increases in obesity levels from adolescence to the second and third decades of life, especially among people of color and women [13, 41] . While many individuals who were normal weight in childhood develop overweight or obesity in adulthood [12e15], few who had overweight or obesity eventually reached normal weight [12, 13, 41] .
From a clinical perspective, weight status at school entry and change in weight during the following year may be a combination of measurable factors that can predict the risk of long-term obesity: observing a child with obesity when they enter school and continuing to gain weight during the kindergarten year may be a red flag. The risk of entrenchment is somewhat lower among children who develop obesity in later grades, but is still substantial.
Conclusions
Obesity with onset during the preschool or elementary school years is generally not a transient phenomenon, but one that portends risk for long-term obesity, at least into adolescence. Among children with early onset of obesity, the majority are affected by entrenched obesity, regardless of sex, race, ethnicity, and socioeconomic status.
